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GOLF BALL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a golf ball. More 
particularly, the pxesent invention relates to an improvement 
in a dimple pattern of the golf ball. 

2. Description of the Related Art 

A golf ball flies with a backspin by hitting. The golf 
ball then drops and rolls over the ground, and comes to rest. 
A distance from a hitting point to a drop point is referred to 
as a carry. A distance from the drop point to a rest point is 
referred to as a run (or a roll) . A distance from the hitting 
point to the rest point is referred to as a total distance. 

A golf ball has a large number of dimples on a surface 
thereof. The dimple usually takes a circular plane shape. A 
non-circular dimple has also been proposed. In respect of an 
aerodynamic symmetry and the easiness of the manufacture of a 
mold, a circular dimple is a mainstream in golf balls put on 
the market. 

The role of the dimples resides in one aspect that such 
dimples disturb an air stream around the golf ball during a flight , 
thereby causing a turbulent flow separation (which will be 
hereinafter referred to as a "dimple ef feet") . The separation 
of the turbulent flow causes a separating point of air from the 
golf ball to be shifted backward so that a drag coefficient (Cd) 
is reduced. The separation of the turbulent flow increases a 
differentia between the upper and lower separating points of 
the golf ball which is caused by a backspin. Consequently, a 
lift acting on the golf ball is increased. A reduction in a 
drag and an enhancement in a lift cause the flight distance of 
the golf ball to be increased. An aerodynamically excellent 
dimple promotes the separation of the turbulent flow. 

Examples of the specifications to greatly influence the 
flight performance of a golf ball include a density of dimples 
(which is also referred to as a "surface area occupation ratio") . 
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A golf ball having a high density is excellent in a flight 
performance. Various proposals for the density have been made. 
Japanese Laid-Open Patent Publication No. Sho 62-192181 has 
disclosed a golf ball in which dimples are densely provided in 
such a manner that a new dimple having an area which is equal 
to or more than a mean area cannot be formed. Japanese Laid-Open 
Patent Publication No. Hei 4-347177 has disclosed a golf ball 
in which dimples are provided very densely and the number of 
lands in which a rectangle having a predetermined dimension can 
be drawn is 40 or less. Japanese Laid-Open Patent Publication 
No. 2002-18 6684 • has disclosed a golf ball in which a surface 
area occupation ratio and a dimple contour length satisfy a 
predetermined relationship . 

Examples of other specifications to greatly influence the 
flight performance of a golf ball include a total volume of dimples . 
In the case in which the total volume is small, the trajectory 
of the golf ball tends to be high. On the other hand, in the 
case in which the total volume is large, the trajectory of the 
golf ball tends to be low. 

Although a great carry can be obtained in a high tra j ectory, 
the speed of the golf ball is low during dropping so that a run 
is small. In the case in which the total volume is small, a 
total distance is insufficient. In a low trajectory, the run 
is great and the carry is small. Also in the case in which the 
total volume is large, the total distance is insufficient. In 
addition, in the case in which the trajectory is low, a variation 
in the carry is great. 

Thus, the run is small in a golf ball having a great carry 
and the carry is small in a golf ball having a great run. The 
maximum demand for a golf ball of a golf player is a flight distance . 
In particular, the golf player attaches importance to a total 
distance obtained by hitting through a driver. It is an object 
of the present invention to provide a golf ball giving a great 
total distance. 

SUMMARY OF THE INVENTION 
The present invention provides a golf ball including: 
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(a) at least two types of circular dimples having 
diameters of 3.9 mm to 4.8 mm; and 

(b) a non-circular dimple or a circular dimple having 
a diameter of less than 3.9 mm. A ratio PN of a number Na of 
the circular dimples having the diameters of 3 . 9 mm to 4 . 8 mm 
to a total number N of the dimples is 75% or more. A volume 
Va of the circular dimples having the diameters of 3.9 mm to 
4.8 mm is 200 mm 3 to 300 mm 3 . A ratio PV of the volume Va to 
a total volume V of all the dimples is 70% to 95%. A surface 
area occupation ratio Y of all the dimples is 75% or more. In 
the golf ball, a carry is great, and furthermore, a run is great. 
In the golf ball, a total distance is great. 

It is preferable that a surface area occupation ratio Ya 
of the circular dimples having the diameters of 3.9 mm to 4.8 
mm should be 65% or more. The golf ball is excellent in a flight 
performance . 

It is preferable that a difference between a diameter of 
the largest one of the circular dimples having the diameters 
of 3 . 9 mm to 4.8 mm and that of the smallest one of the circular 
dimples having the diameters of 3 . 9 mm to 4 . 8 mm should be 0 . 6 
mm or less . In the golf ball, a very great carry can be obtained. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view showing a golf ball according to 
an embodiment of the present invention, 

Fig. 2 is a typical enlarged sectional view showing a part 
of the golf ball in Fig. 1, 

Fig. 3 is a front view showing a golf ball according to 
an example 2 of the present invention and comparative examples 
2 and 3, 

Fig. 4 is a front view showing a golf ball according to 
examples 3 and 4 of the present invention, 

Fig. 5 is a front view showing a golf ball according to 
an example 5 of the present invention, 

Fig. 6 is a front view showing a golf ball according to 
a comparative example 1, 

Fig. 7 is a front view showing a golf ball according to 
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a comparative example 4, 

Fig. 8 is a front view showing a golf ball according to 
a comparative example 5, and 

Fig. 9 is a front view showing a golf ball according to 
a comparative example 6. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described below in detail 
based on a preferred embodiment with reference to the drawings. 

A golf ball 1 shown in Fig. 1 usually has a diameter of 
40mmto45mm / and furthermore, 42mm to 44mm. From the viewpoint 
of the fact that an air resistance is reduced within such a range 
as to satisfy the standards of the United States Golf Association 
(USGA) , it is particularly preferable that the diameter should 
be 42.67 mm to 42.85 mm. The golf ball 1 usually has a weight 
of 40 g to 50 g, and furthermore, 44 g to 47 g. From the viewpoint 
of the fact that an inertia is increased within such a range 
as to satisfy the standards of the USGA, it is particularly 
preferable that the weight should be 45.00 g to 45.93 g. 

The golf ball 1 includes an A dimple having a circular 
plane shape and a diameter of 4 . 35 mm, a B dimple having a circular 
plane shape and a diameter of 3 . 9 mm, a C dimple having a circular 
plane shape and a diameter of 3.4 mm, and a D dimple having a 
circular plane shape and a diameter of 3.2 mm. In this 
specification, the term of "plane shape" implies a shape of a 
contour line to be a boundary between a phantom spherical surface 
and a dimple as seen at infinity. The golf ball 1 includes two 
types of circular dimples having diameters of 3 . 9 mm to 4 . 8 mm 
(more specifically, the A dimple and the B dimple) . The golf 
ball 1 includes two types of circular dimples having diameters 
of less than 3.9 mm (more specifically, the C dimple and the 
D dimple) . Fig. 1 shows one of ten equivalent units obtained 
by partitioning the surface of the golf ball 1, the types of 
dimples being indicated as A to D. A two-dotted chain line in 
Fig. 1 is a phantom line representing a boundary between the 
units . 

In the golf ball 1 shown in Fig. 1, the number of the A 
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dimples is 70, that of the B dimples is 260, that of the C dimples 
is 40, and that of the D dimples is 40. A total number N of 
the dimples of the golf ball 1 is 410. In the golf ball 1, a 
number Na of circular dimples having diameters of 3.9 mm to 4.8 
mm is 330. A ratio PN of the number Na to the total number N 
is 80.5%. 

Fig. 2 is a typical enlarged sectional view showing a part 
of the golf ball 1 in Fig. 1. Fig. 2 shows a planar section 
taken along a center of gravity of the plane shape of a circular 
dimple 2 and a center of the golf ball 1. As is apparent from 
Fig. 2, the dimple 2 takes the sectional shape of an almost circular 
arc. In other words, the surface of the dimple 2 constitutes 
a part of a spherical surface. The dimple 2 is referred to as 
a single radius dimple. As a matter of course, the circular 
dimple 2 having another sectional shape may be employed. In 
Fig. 2, a phantom spherical surf ace (a spherical surf ace obtained 
when it is assumed that the dimple 2 is not present) is shown 
in a two-dotted chain line. In Fig. 2, an arrow d indicates 
a diameter of the dimple 2. The diameter d is equivalent to 
a distance between both contact points which is obtained when 
a common tangential line is drawn on both ends of the dimple 
2. The continuous contact point forms a contour line. In Fig. 
2, an arrow r indicates a curvature of the section of the dimple 
2. 

In this specification, a "total volume V" implies the sum 
of volumes v of all the dimples 2. The "volume v of the dimple" 
implies the volume of a portion surrounded by a plane including 
a contour line and the surface of the dimple 2. In case of a 
non-circular dimple, there is supposed a circular single radius 
dimple having an equal area to the area of the non-circular dimple 
and an equal depth to the depth of the non-circular dimple, and 
the volume of the single radius dimple is defined as that of 
the non-circular dimple . The sum of the volumes v of the circular 
dimples having the diameters of 3.9 mm to 4 . 8 mm is represented 
by Va . A ratio of the volume Va to the total volume Vis represented 
by PV (%) . In the golf ball 1 shown in Fig. 1, the A dimple 
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has a volume v of 0 . 967 mm 3 , the B dimple has a volume v of 0.778 
mm 3 , the C dimple has a volume v of 0.591 mm 3 , and the D dimple 
has a volume v of 0.512 mm 3 . Accordingly, the golf ball 1 has 
a total volume V of 314.0 mm 3 , a volume Va of 269.9 mm 3 and a 
ratio PV of 85.9%. 

In this specification, the termof "surface area occupation 
ratio Y" implies a value which is 100 times as great as a value 
obtained by dividing the sum of the areas s of all the dimples 
by the surface area of a phantom sphere. The "area s of the 
dimple" implies the area of the plane shape of the dimple. In 
case of a circular dimple, the area sis calculated by the following 
equation . 

s = (d / 2) 2 • n 
In this specification, a surface area occupation ratio Ya is 
100 times as great as a value obtained by dividing the sum of 
the areas s of the circular dimples having the diameters of 3.9 
mm to 4.8 mm by the surface area of the phantom sphere. 

In the golf ball 1 shown in Fig. 1, the A dimple has an 
area s of 14.9 mm 2 , the B dimple has an area s of 11.9 mm 2 , the 
C dimple has an area s of 9.1 mm 2 , and the D dimple has an area 
s of 8.0 mm 2 . Accordingly, a sum S of the dimple areas is 4831 
mm 2 . The total area S is divided by the surface area of the 
phantom sphere so that the surface area occupation ratio Y is 
calculated. In the golf ball 1, the surface area occupation 
ratio Y is 84%. In the golf ball 1, the surface area occupation 
ratio Ya is 72%. 

In the golf ball 1 according to the present invention, 
the ratio PN is set to be 75% or more. In other words, in the 
golf ball 1, there are provided a great number of large dimples 
which are circular and have diameters of 3.9 mm to 4 . 8 mm. The 
large dimples contribute to an enhancement in a carry. Although 
the reason why the large dimple contributes to the enhancement 
in the carry is unknown in detail, it can be guessed that a drag 
obtained immediately after hitting is reduced by the large 
dimples . In respect of the carry, the ratio PN is more preferably 
7 8% or more and particularly preferably 7 9% or more . An extremely 
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large dimple damages the smoothness of the surface of the golf 
ball 1. For this reason, it is preferable that a dimple having 
a diameter of more than 4.8 mm should not be provided. 

When only the large dimples are provided on the surface 
of the golf ball 1, the area of a region (land) surrounded by 
the dimples is increased. The golf ball having a large area 
of the land tends to stall in the latter half of a trajectory. 
The stall causes a reduction in a run . In the golf ball 1 according 
to the present invention, circular dimples having small diameters 
of less than 3 . 9 mm are also provided in addition to the dimples 
having large diameters. The dimples having the small diameters 
suppress the generation of a land having a large area. 
Consequently, a high surface area occupation ratio Y can be 
achieved as will be described below in detail . The dimples having 
the large diameters and the dimples having the small diameters 
are provided together so that the carry and the run are consistent 
with each other and the total distance can be increased. In 
respect of the surface area occupation ratio Y, the diameter 
of the small dimple is more preferably 3.7 mm or less and 
particularly preferably 3 . 5 mm or less. An extremely small 
dimple cannot contribute to an aerodynamic characteristic. For 
this reason, the diameter of the small dimple is preferably 2.0 
mm or more and particularly preferably 2.5 mm or more. A 
non-circular dimple may be provided together with the dimple 
having a small diameter or in place thereof. The non-circular 
dimple is easily provided in a region surrounded by the circular 
dimples having large diameters. The non-circular dimple can 
also suppress the stall in the same manner as the dimple having 
a small diameter . 

As described above, the golf ball 1 has two types of dimples 
having large diameters. By providing at least two types of 
dimples having large diameters, the dimples can be arranged on 
the surface of the golf ball 1 more densely as compared with 
the case in which a single type of dimple having a large diameter 
is provided. Consequently, a high surface area occupation ratio 
Y can be achieved as will be described below in detail. In the 
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present invention, it is decided that different types of dimples 
have a difference between diameters of 0.1 mm. In respect of 
the surface area occupation ratio Y, a difference between the 
diameter of the largest one of circular dimples having diameters 
of 3 . 9 mm to 4 . 8 mm and the diameter of the smallest one of the 
circular dimples having the diameters of 3.9 mm to 4.8 mm is 
preferably 0 . 1 mm or more and particularly preferably 0.15 mm 
or more. In some cases in which a difference between the 
diameters of the large dimples is too great, an air flow is 
excessively disturbed so that the flight performance of the golf 
ball 1 is damaged. From this viewpoint, the difference between 
the diameter of the largest one of the circular dimples having 
the diameters of 3 . 9 mm to 4 . 8 mm and the diameter of the smallest 
one of the circular dimples having the diameters of 3.9 mm to 
4.8 mm is preferably 0.6 mm or less, more preferably 0.55 mm 
or less, more preferably 0.45 mm or less, more preferably 0.30 
mm or less, and particularly preferably 0.25 mm or less. Each 
of the numbers of the types of the dimples having small diameters 
and the non-circular dimples may be one or more. 

In the golf ball 1 according to the present invention, 
the surface area occupation ratio Y is set to be 75% or more. 
In some cases in which the surface area occupation ratio Y is 
less than the range, the golf ball 1 stalls in the latter half 
of a trajectory so that a run is insufficient. From this 
viewpoint, the surface area occupation ratio Y is more preferably 
78% or more and particularly preferably 8 0% or more . The surface 
area occupation ratio Y obtained usually is 90% or less, and 
particularly 86% or less. 

It is preferable that the surface area occupation ratio 
Ya of the circular dimple having the diameter of 3.9 mm to 4.8 
mm should be 65% or more. In some cases in which the surface 
area occupation ratio Ya is less than the range, a carry is 
insufficient . From this viewpoint, the surface area occupation 
ratio Ya is more preferably 68% or more and particularly 
preferably 70% or more. If the surface area occupation ratio 
Ya is too high, the number of the dimples having small diameters 
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(or the non-circular dimples) is decreased. In some cases in 
which the number of the dimples having the small diameters is 
small, the run is reduced due to the stall of the golf ball 1. 
From this viewpoint, the surface area occupation ratio Ya is 
preferably 80% or less and particularly preferably 75% or less. 

In the golf ball 1 according to the present invention, 
it is preferable that the total volume V should be 250 mm 3 to 
380 mm 3 . If the total volume V is less than the range, the run 
might be insufficient. From this viewpoint, the total volume 
V is more preferably 270 mm 3 or more and particularly preferably 
290 mm 3 or more. If the total volume V is more than the range, 
the carry might be insufficient . From this viewpoint, the total 
volume V is more preferably 375 mm 3 or less and particularly 
preferably 370 mm 3 or less. 

In the golf ball 1 according to the present invention, 
the volume Va is set to be 200 mm 3 to 300 mm 3 . If the volume 
Va is less than the range, the carry might be insufficient. From 
this viewpoint, the volume Va is more preferably 210 mm 3 or more 
and particularly preferably 220 mm 3 or more. If the volume Va 
is more than the range, the run might be insufficient. From 
this viewpoint, the volume Va is more preferably 295 mm 3 or less. 

In the golf ball 1 according to the present invention, 
the ratio PV is set to be 70% to 95%. If the ratio PV is less 
than the range, the carry might be insufficient. From this 
viewpoint, the ratio PV is more preferably 75% or more and 
particularly preferably 80% or more. If the ratio PV is more 
than the range, the run might be insufficient. From this 
viewpoint, the ratio PV is more preferably 90% or less. 

It is preferable that the total number N of the dimples 
2 should be 240 to 500. In some cases in which the total number 
N is less than the range, the smoothness of the surface of the 
golf ball is damaged. From this viewpoint, the total number 
N is more preferably 280 or more and particularly preferably 
290 or more. In some cases in which the total number N is more 
than the range, a drag coefficient (Cd) is increased so that 
the carry is insufficient . From this viewpoint, the total number 
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N is more preferably 480 or less and particularly preferably 
450 or less. 

It is preferable that the depth of each of the dimples 
should be 0.05 mm to 0.60 mm. In some cases in which the depth 
is less than the range, the aerodynamic characteristic of the 
golf ball 1 is insufficient. From this viewpoint, the depth 
is more preferably 0.075 mm or more and particularly preferably 
0.10 mm or more. If the depth is more than the range, soil is 
apt to collect in the dimple 2. From this viewpoint, the depth 
is more preferably 0.50 mm or less and particularly preferably 
0.45 mm or less. The depth implies a distance between a plane 
including the contour line of the dimple 2 and the deepest portion 
of the dimple 2. 

In the molding of the golf ball 1, a dimple cannot be formed 
on the parting line of a mold. When a mold having a circular 
parting line is used, a great circle path which does not cross 
a dimple is formed on the surface of the golf ball 1. The great 
circle path is a land having a large area. The stall of the 
golf ball 1 is promoted by the great circle path. In addition, 
an aerodynamic symmetry is damaged. In the golf ball 1 according 
to the present invention, it is preferable that a mold having 
a concavo-convex parting line should be used. By the mold, the 
golf ball 1 having no great circle path can be formed. 

The dimple pattern described above can be employed for 
a solid golf ball comprising a solid core and a cover, a wound 
golf ball and a one-piece golf ball. The same dimple pattern 
can also be employed for a solid golf ball using a solid core 
having at least two layers and a solid golf ball using a cover 
having at least two layers. 

EXAMPLES 

[Example 1] 

100 parts by weight of high cis-polybutadiene (trade name 
of "BR01" manufactured by JSR Co., Ltd.), 25 parts by weight 
of zinc acrylate, a predetermined amount of zinc oxide, 0.65 
part by weight of dicumyl peroxide and 0.48 part by weight of 
diphenyl disulfide were kneaded so that a rubber composition 
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was obtained. The rubber composition was put in a mold and was 
held for 25 minutes at a temperature of 160°C so that a spherical 
core having a diameter of 39.9 mm was obtained. On the other 
hand, 45 parts by weight of an ionomer resin (trade name of M Surlyn 
8945" manufactured by Dupont Co. , Ltd. ) , 45 parts by weight of 
another ionomer resin (trade name of "Surlyn 9945" manufactured 
by Dupont Co., Ltd.) and 10 parts by weight of thermoplastic 
styrene elastomer (trade name of "Rabalon SR04" manufactured 
by Mitsubishi Chemical Corporation) were kneaded so that a resin 
composition was obtained. Next, a core was put in another mold 
and the resin composition was injected around the core to form 
a cover. Coating was carried out over the surface of the cover 
so that a golf ball having a weight of 45. 4g and a diameter of 
42 . 7 mm according to an example 1 was obtained. The specification 
of the dimple of the golf ball is shown in the following Table 
1. 

[Examples 2 to 5 and Comparative Examples 1 to 6] 

Golf balls according to examples 2 to 5 and comparative 
examples 1 to 6 were obtained in the same manner as in the example 
1 except that a mold was changed and the specification of a dimple 
was set as shown in the following Tables 1 to 3. 
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[Flight Distance Test] 

A driver comprising a metal head was attached to a swing 
machine manufactured by True Temper Co. A golf ball was hit 
by means of the swing machine to measure a total distance. An 
average value of the results of 20 measurements is shown in the 
following Table 4. Hitting conditions are as follows. 
Condition 1 

Head speed : 45 m/s 
Launch angle : 11 degrees 
Backspin speed : 2800 rpm 
Condition 2 

Head speed : 40 m/s 
Launch angle : 12 degrees 
Backspin speed : 2600 rpm 
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As is apparent from the Table 4, the golf balls according 
to the examples have greater total distances than those of the 
golf balls according to the comparative examples. From the 
results of evaluation, the advantage of the present invention 
is obvious. 

The above description is only illustrative and can be 
variously changed without departing from the scope of the present 
invention. 



